Introduction
The characteristics of free-space optical communica- However, potential issues of the VLC technology include the reliance on intensity modulation, which results in a pronounced dependence of the attainable signal-to-noise ratio on the transmitted power. 
Transceiver design
Since the lighting of indoor workspaces can be considered as the primary purpose for an LED source, we need to ensure sufficient horizontal brightness in the area intended for the viewing task. In VLC systems as shown in Figure 1 (a), optical intensity is often constrained by the available intensity of the light source and receiver sensitivity.
Since the basic source consists of WLED chips, the angular distribution of radiant output power is modeled with a generalized Lambert law [8]:
where  is luminous intensity at the transmitter in radiation angle  and   is the maximum luminous intensity. The Lambertian index m depends on the source radiation semi-angle  max as: Relevant optical source parameters for data transmission are the radiant power and modulation bandwidth. If we restrict our considerations to small distances, the transmission medium of air can be considered to be totally lossless. However, the signal strength decreases for un-collimated light beams due to spatial divergence. For isotropic emitters, the in-tensity decreases as the square of the distance [9].
However, if the light source consists of n LEDs and they have their own reflectors as shown in Figure 1 (b), a total horizontal illuminance in a LOS channel should be considered as the optical gain by the reflection beam. Since the illuminance increases when the reflectance is higher, it can be written as:
where  is the angle of incidence,  is the distance from the source, and  is the reflectance of the reflector. The relevant parameters are listed in Table 1 . The horizontal distribution of illuminance in the LOS channel can be calculated using these parameters. Each pair of data shows good agreement. This means that the reflectivity of the reflector considered in Eq.
3 is reasonable. For the no-reflector-type emitter, illuminance is exponentially related to the distance. The peak illuminance is around 500 lx at a distance of less than 0.2 m. However, when the reflector is mounted on the transceiver, the peak illuminance is maintained up to 2 m. The distribution of received optical power on the surfaces of desks in the room is a key concern for a communication. Since the optical receivers mainly consist of a detector and a concentrator, the received optical power is calculated as:
where   is the physical area of the detector,   is the refractive index and   is the field of view of the hemispherical lens of the detector.
The distribution of the received power at a distance of 2 m is shown in Figure 4 . In Figure 4 (a) without a reflector, the link loss is more than -27 dB. By mounting the reflector, the loss can be reduced to less than half of that shown in Figure 4 (a). As shown in Figure 4 (b), the minimum loss is around -13 dB.
The calculated and measured link losses are compared in Figure 5 . The loss is measured using an optical power meter (ML9001A, Anritsu). The measured values are in good agreement with the calculated ones. We can expect the signal-to-noise ratio (SNR)
to be improved by using a reflector. 
Conclusion
In this paper, a reflector-mounted transceiver was demonstrated to improve the performance of the indoor lighting system and VLC. By using a diffuse propagation model of the LED light, the analytic modeling of the transceiver was executed. As a result, we know that the reflector-mounted lighting system can increase the illuminance and expand the coverage of VLC.
Image capture at the remote camera and its transfer to the monitoring system was also successfully carried out. From the result, we found that a well-designed reflector contributes to producing a cost-effective visible light transceiver as well as an indoor illuminant.
